Purpose: Optic disc drusen (ODD) is hyaline deposits in the optic nerve head seen in 1-2% of the population. Long-term evolution of ODD anatomy and visual field defects in ODD patients is a key factor for learning more about pathophysiology and prognosis of the condition. With a median follow-up period of 56 years, this is the first study that evaluates superficial optic disc anatomy and visual fields in patients with ODD over a life span. Methods: Observational case series investigating progression of superficial optic disc anatomy and visual fields in ODD patients. Eight patients with hereditary ODD were included. Results: Mean age at initial and follow-up examination was, respectively, 16.8 and 73.3 years. The median follow-up time was 56 years. A minimal or nonexisting change in superficial ODD anatomy (size and number) was seen in 10 of 12 eyes. There was a tendency towards more anatomical change in subjects younger at first examination. A 27% decrease in Goldmann perimetric visual field area (cm 2 ) was found between initial and follow-up examinations. Conclusion: Minimal or no change in superficial optic disc anatomy and visual fields in ODD patients oldest at the initial examination suggests that anatomical progression of ODD in patients with hereditary ODD happens primarily before adulthood.
Introduction
Optic disc drusen (ODD) is hyaline deposits in the optic nerve head. The pathophysiology remains unknown, but it has been suggested that formation of ODD is based on alterations of the axoplasmic transport in the optic nerve head (Spencer 1978) . A small scleral canal is suggested to inhibit axonal flow by mechanical compression (Jonas et al. 1987; Abegao Pinto et al. 2014) .
Optic disc drusen (ODD) located deep in the optic nerve head (buried ODD) is mainly diagnosed in children. Most patients will progress from having buried ODD to superficial ODD (Spencer et al. 2004; Frisen 2008; Lee et al. 2013) .
With the abovementioned pathophysiology, one might expect a continuous progression with accumulated extruded axonal material forming ODD that further compresses the healthy axons. However, when looking at the few clinical case reports available, the progression in location and number of ODD mainly occurs during the teenage years (Frisen 2008) .
Because of the slowly progressive nature of ODD, no studies have had a long enough follow-up to evaluate the rate of ODD progression from child to elderly and to describe whether the progression in visual fields and in size and number of ODD is continuously or unevenly distributed throughout age.
To date, the longest follow-up period in regard to visual field and funduscopic evaluation in ODD patients is 24 years (Lansche & Rucker 1957) . A further seven articles (five case reports) have been published in the field, with followup periods ranging from 36 months to 23 years (Chambers & Walsh 1951; Petersen 1957; Francois & Verriest 1958; Hoover et al. 1988; Spencer et al. 2004; Lee & Zimmerman 2005; Frisen 2008) . Several of these studies have been published before 1960, and several are based on individual cases.
The progression of anatomical proportions and visual field defects in ODD patients is a key factor for learning more about the pathophysiology of the condition.
Hence, the main purpose of this study was to evaluate the anatomical long-term evolution of ODD and the progression of visual field defects seen in patients with ODD.
With a median follow-up period of 56 years, this is the first study to follow the progression of ODD over a life span.
Subjects and Methods

Subjects
This study was based on follow-up examinations of ODD patients included in the seminal work by Lorentzen (1966) . Informed consent was obtained from all patients. The study was approved by the national committee on health research ethics (H4-2013-040) and adhered to the tenets of the Declaration of Helsinki.
In the study by Lorentzen, several case reports, funduscopic pictures and visual fields were included that enabled us to identify the examined individuals using initials, data of birth, place of birth, etc.
Eight patients, previously examined and diagnosed with superficial ODD by Lorentzen in 1958 Lorentzen in -1959 , were included in the case series. In all eight patients, the ODD diagnosis was regarded as hereditary as they all came from families with one or more close relatives diagnosed with ODD.
Examination
Patients were examined at the eye department in closest proximity to their home. The main author of this article (LM) examined all patients personally.
A detailed medical history, including previous and current medications, systemic illnesses, hospital admissions, operations, eye diseases and eye complains, was obtained. All patients underwent examination of visual acuity (Snellen) and visual field, refraction, slit-lamp biomicroscopy, intra-ocular pressure measurement, fundus photography and optical coherence tomography (OCT). Optical coherence tomography (OCT) was performed to confirm the ODD diagnosis. Three patients had undergone cataract surgery and were therefore excluded in the comparison of refraction (Table 1) . Only one type of visual field examination was performed due to the age of the patients. Goldmann visual field (GVF) perimetry was the preferred method, because of its comparability to the visual field examinations in the study by Lorentzen. Goldmann visual field (GVF) perimetry was performed with stimulus size and intensity similar to the examinations by Lorentzen, normally with intensity 4 in a small (size 1) and large (size 4 or 5) stimulus size. In this study, we only evaluated funduscopically visible ODD anatomy (size and number).
Data analysis
Comparison of Lorentzen's findings and the follow-up examination was performed. Eye examination, fundus photographs and visual fields were compared. Not all included subjects had fundus photographs and visual fields available for comparison. Visual field data from the initial examination were in four patients not available. Data from both eyes of each subject were used for further analysis. Quantitative assessment of GVF perimetry was performed digitally using Photoshop analysis functions (ADOBE PHOTO-SHOP CC, version 16.0; Adobe Systems Software Ireland Ltd) previously described by Zahid et al. (2014) . The Goldmann visual field sheet was scanned and converted to TIFF format. The picture was opened in Photoshop, and in the analysis setting 'set measurement scale', the distance from the centre to 10°was set to 12 mm. The visual field area was then marked using 'magic wand' function or 'magnetic lasso' function. In the analysis setting 'record measurements', an area in mm 2 was generated. In the GVF analysis, one eye with increasing area of vision was excluded.
Optic disc morphology from anonymized funduscopic pictures was evaluated independently by two experienced ophthalmologists (SH, HLA). Vessel diameter was calculated in fixed areas determined by the principal investigator. The areas were chosen according to fixed morphological structures in the optic disc, such as branching of vessels. This made comparison of ratios in initial and follow-up pictures possible. The mean of the values was used when discordance was <20%. With higher degrees of discordance, the values were agreed on jointly by the masked ophthalmologists. It was not possible to quantify vessel diameters, only ratios, due to missing knowledge about magnification degree of the initial fundus photographs. Statistics for vessel diameter ratios and GVF data were performed with SAS statistical software (SAS 9.4; SAS Institute, Cacy, NC, USA) using mixedmodel analysis with adjustment for intraclass correlation between eyes. The predetermined level of statistical significance for the comparisons was p < 0.05.
Results
Eight subjects were included in the study. The median age of the included patients was 72.5 years (range 69-78 years). Median age at first examination was 16 years (range 13-22 years). Median follow-up time was 56 years (range 55-57 years). The patient characteristics for first and follow-up examinations are summarized in Table 1 .
Anatomy of the optic disc
In four patients, funduscopic photographs from the initial examination by Lorentzen were available. In two patients, only a drawing was available. Careful examination with adjustments in contrast, levels and tone, not easily reproduced in printed version, was performed. When comparing the initial funduscopic pictures with the follow-up pictures taken 56 years later, the overall impression was a minimal or non-existing progression in number and volume of visible ODD. A tendency towards more progression in number and size of ODD in patients initially examined in younger age was seen. The superficial ODD anatomy of the oldest patient initially examined (Fig. 1) was, except for more clearly outlined ODD due to better picture quality, almost completely similar to the anatomy seen 56 years previously.
The median arterio-venous ratio was 0.77 (range 0.58-0.93) at the initial examination and 0.70 (range 0.50-0.87) at the follow-up examination. The difference between the initial and follow-up examination was non-significant (p = 0.30). One of the eight eyes had a cilioretinal artery. All but one eye had superficial ODD at initial examination. At follow-up examination, the anatomy of the eye without superficial ODD had progressed, and now, several ODD were visible on the surface. Two eyes showed perivascular sheathing at follow-up examination, and one eye showed arterial narrowing at follow-up examination. No other vessel abnormalities such as trifurcations or vascular loops were seen initially or developed during the follow-up period.
Visual fields
Goldmann visual field (GVF) analysis was obtained at both the initial and follow-up examination in four patients (seven eyes). An example of GVF progression in a patient is seen in Fig. 2 . A trend towards of progression in visual field defects was found when comparing visual fields from the initial and follow-up examinations (p = 0.87).
Five of six eyes had a varying decrease in GVF area using large size stimuli resulting in an overall decrease in the visual field of 27% (Fig. 3) . Six of seven eyes had a decrease in GVF area using small size stimuli (size 1) resulting in an overall decrease of 45%.
Comparing superficial ODD anatomy and visual fields
No clear correlation was found when comparing the funduscopically visible ODD morphology and degree of visual field constriction. One patient with a compact optic disc filled with superficial conglomerates had a larger GVF than eyes from patients with barely visible ODD. The only patient with clear progression in size and number of ODD had no progression in visual field defects. Fig. 2 . Initial and follow-up examinations GVF perimetry. Fifty-six-year GVF follow-up in at patient with optic disc drusen. Nasally and temporally the outer borders are 90°, and superiorly and inferiorly the outer borders are 70°. A slight decrease in size 1 and 5 sensitivity was seen in both eyes. OS = left eye, OD = right eye, GVF = Goldmann visual field.
Discussion
In this study, we found only minimal overall progression in size and number of superficial ODD during 56 years of follow-up. Six of eight patients had severe structural changes in the optic nerve head caused by ODD. In all but one, we know that these anatomical changes were more or less established at their first visit during the teenage years. It is possible that a transition phase wherein buried ODD progress to superficial ODD represents the period of time with most rapidly progressive visual field defects.
A case report by Fris en supports this assumption, showing a severe progression in size and number of ODD in a patient from the age of 8-16. At the age of 16, the progression clearly ceases, and at the age of 31, there are no changes in ODD appearance when compared to the fundus photograph taken 15 years previously (Frisen 2008 ). Other reports have also shown photographically verified rapid progression of ODD before the age of 21 (Spencer et al. 2004; Seo du & Park 2015) . A study including 50 children with ODD showed superficial ODD in 18% of children between 7 and 10 years and in 37% of children between 11 and 14 years, further supporting an anatomical progression of ODD in the transition phase (Erkkila 1977) . Progression mainly in younger age is further supported in a case series of 30 patients by Petersen, which found progression in number and size of ODD in seven patients with a mean age of 24.9 years but no progression in 23 patients with a mean age of 43.4 years (Petersen 1957) .
To our knowledge, the development over time of arterio-venous ratio at the human optic disc has never been investigated. However, in healthy subjects, we would normally expect a slight increase in arterio-venous ratio with age. We found a non-significant mean decrease in arterio-venous ratio over time. This could be because of chronic compression of vessels in the optic nerve head. However, studies with more data and sophisticated measuring methods have to be performed before any conclusions can be drawn.
When looking at visual field changes over time, our study shows a slow mean decrease in GVF area over time, with the visual field from the youngest patients at first examination deteriorating the most. This is in line with the anatomical evolution of ODD with most changes taking place during the earlier stages of disease. Several studies have shown a correlation between age and visual field deterioration in ODD patients, suggesting a slowly progressive visual field loss (Lee & Zimmerman 2005) . Our study showed a 27% decrease in mean GVF area over time. It is well known that retinal sensitivity decreases with age in healthy eyes (Calixto et al. 2006 ) and a correlation between mean sensitivity and age has been found to be 31.2-0.064 9 (age) (Zulauf et al. 1994) . This means that a decrease in retinal sensitivity of 11.9% would be expected in our patients during the follow-up period even if they were not diagnosed with ODD. Even though retinal sensitivity cannot be translated directly into visual field loss, part of the visual field loss in our patients might be ascribed to a decreasing sensitivity. With that in mind, the decrease in visual field area, caused by ODD later in life, must be regarded as slowly progressive when compared to the changes earlier in life.
An obvious explanation for the stagnant progression in visual field defects in the late teenage years could be the stabilized superficial ODD anatomy described in this study or because peripheral parts of the visual field are represented with less ganglion cells than the more central part. In this study, ODD anatomy was only compared using fundoscopy. Buried ODD were thereby not evaluated. This is probably the reason why we did not find correlation when comparing progression of superficial ODD anatomy with progression of visual field defects.
The major limitations of this study were an inevitable result of the long follow-up time. First, the quality of the fundus photographs from the initial examinations by Lorentzen was poor. A better quality of the follow-up pictures could therefore be misleading when compared to the initial pictures. Second, GVF perimetry is an examiner dependent test and the external settings during GVF perimetry could be different at the two times of examination. The expected loss of GVF area from early age to initial examination mentioned in Fig. 3 is based on the GVF area calculated from normal boundaries of the visual field and does not represent examination of the patients in childhood. Because of the small amount of patients and follow-up data, final conclusions based on the results should not be drawn from this work. Further studies comparing age, ODD anatomy, visual fields and progression between larger groups of patients from ODD families and patients with no familial ODD history should be performed.
Conclusions
Based on these results, we suggest that the evolution of ODD involves a transition phase with rapidly progressing ODD anatomy and visual field defects. When comparing our results with the results from other studies, we find it most likely that the transition phase primarily occurs during the teenage years. Later in life, the progression in visual fields and in size and number of ODD seems to decrease. We thereby propose that progression in visual fields and in size and number of ODD is unevenly distributed throughout age.
